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Background: After cholecystectomy for symptomatic gallstone disease 20%-30% of the patienrs
continue to have abdominal pain. The aim of this study was to investigate whether preoperative variables
could predict the symptomatic outcome after cholecystectdvigthods: One hundred and two patients

were referred to elective cholecystectomy in a prospective study. Median age was 45 years; range, 20-81
years. A preoperative questionnaire on pain, symptoms, and history was completed, and the questions on

pain and symptoms were repeated 1 year postoperatively. Preoperative cholescintigraphy and sonography

evaluated gallbladder motility, gallstones, and gallbladder volume. Preoperative variables in patients with
or without postcholecystectomy pain were compared statistically, and significant variables were combined
in a logistic regression model to predict the postoperative outcBesults: Eighty patients completed all
guestionnaires. Twenty-one patients continued to have abdominal pain after the operation. Patients with
pain 1 year after cholecystectomy were characterized by the preoperative presence of a high dyspepsia
score, ‘irritating’ abdominal pain, and an introverted personality and by the absence of ‘agonizing’ pain
and of symptoms coinciding with paif (<0.000001). In a constructed logistic regression model 15 of 18
predicted patients had postoperative pain (PVpos =0.83). Of 62 patients predicted as having no pain
postoperatively, 56 were pain-free (PVneg =0.90). Overall accuracy was 86felusion: From this

prospective study a model based on preoperative symptoms was developed to predict postcholecystectomy

pain. Since intrastudy reclassification may give too optimistic results, the model should be validated in
future studies.
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cholecystectomy is followed by cure or improvemenidentified preoperative factors that could predict the sympto-

of symptoms in about 90% of patients (1-4). Howmatic outcome after surgery (8, 9). The presence of dyspepsia
ever, in 20%—-30% of patients significant pain and dyspeptiefore operation seems related to continued postoperative
symptoms is still reported (1-9). The pathogenesis dfyspepsia (8), and psychologic vulnerability may be involved
gallstone disease may be multifactorial, including increaséual overall postoperative outcome (17). Furthermore, it is
bile lithogenicity (10), augmented gallbladder volumeunclear which abdominal symptoms are specifically caused
reduced gallbladder motility (11), imbalance of nucleatingy the gallstones (18), and how gallstones elicit pain (19).
proteins (12), number of pregnancies and postoperativeThis prospective study was a preoperative investigation of
periods (13), and obesity and body composition (14). Previoegmptoms and gallbladder dynamics and a postoperative
studies have suggested that gallbladder motility and othevaluation of outcome symptoms and pain after 1 year in
physiologic characteristics may have a role in the outconpatients referred for cholecystectomy owing to symptomatic
after cholecystectomy (15, 16). Other studies have compamgalistone disease. The aim was to investigate whether
pain and the presence of abdominal symptoms before gmetoperative factors could predict symptomatic outcome after
after cholecystectomy (1, 2, 5-7) but with variable rates aholecystectomy.

Treatment of symptomatic gallbladder stones witBuccess due to different outcome factors (7). Few studies have
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Patients and Methods

Patients

One hundred and two patients referred for elective
cholecystectomyowing to symptomatic gallstone disease
wereincludedin this 2-yearprospectivestudy. The first two
wereregardedas ‘pilot patients’for the organizationof the
preoperative examinationsand did not attend the post-
operative follow-up. Patients were consecutively chosen
amongall thosereferredto cholecystectomyfollowing the
department'standarccriteria for operationfor symptomatic
gallstone disease (definition: presenceof gallstonesand
socially disabling attacks of pain located in upper right
abdominalquadrant).The presenceof gallstoneswas deter-
mined by sonography.The following criteria had to be
fulfilled to participatein the study: agemorethan 18 years,
absencef pregnancyandlactation,ability to speakandwrite
Danish,andinformed consent.

Ethics

Beforeenteringthe studyall patientswereinformedabout
the nature and purposeof the study, and all gave written
informed consent.The study protocol was approvedby the
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Ethical Committeefor Copenhagerand wasin accordance
with the Helsinki Il Declarationof 1975asrevisedin 1983.
The patient data file was approvedby the Danish Data
ProtectionAgency.

Studydesign

Before the operation a questionnaire,sonography,and
dynamic cholescintigraphywere completed.One year after
the operationa new questionnairavascompleted.

Preoperativequestionnaire

The preoperativequestionnaireonsistedf 121 questions
on personaldata and a visual analoguescale (VAS). The
patientswere askedto ratetheir pain intensityon a 100-mm
scalewith the boundarief ‘no pain’ on the left and ‘worst
possiblepain’ ontheright. Patientsvererequestedo markon
the VAS wherethe painis whenit is worst.

The questionsncludeda non-validatedDanishversionof
the McGill Pain Questionnaire(MPQ). The original MPQ
consistsof a set of 78 pain descriptorssegregatednto 20
discretecategorieg20). The patientswereallowedto choose
1 descriptorfrom eachof the 20 categorieqin our studythe
numberof descriptorshadto be reducedfrom the 78 in the

Do your hands afien shake or tremble’?

Is your appetite alweys poor?

Do you suffer badly from frequent severe headaches?

Do you usually have great difficulty in falling asleep or staying asleep?

Do you often suddenly become frighlened?

Do you aften get spells of complete exhaustion or fatigue?

Da you often take tranguillizers or sleeping pifls?

Do you ofien feel pain different places, such as vour stomach or your back or your chest?

Do vou suffer from nervous disorder?

Do you often have spells of severe dizziness?

Do sudden noises make you jump or shake badly?

Do you usually teel unhappy and depressed?

Does your work fall to picces when the boss or a superior is watching you?

Does your heart often race like mad for no good reason?

Do you frequently feel faint?

D you kave difficulty in making friends”

Doecs it make you angry to have anyong tell you what to do?

Do you prefer to keep to yourself 7

Dowes every little thing get on your nerves and wear you out?

Do frightening thoughts keep coming back in your mind?

Are you extremely shy or sensitive?

Do people usually misundersiand you ?

Fig. 1. Twenty-two questions concerning psychosomaticand neurotic symptoms. Psychologic
vulnerability was scoredby countingthe numberof affirmative answersrom 12 selectedtems merged
with 10 indifferentitems (20). The 12 selectedtems are shownin italics.
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original versionto 64, astherearefeweradjectivesn Danish
thanin English). The main purposeof including the MPQ in
this study wasto look for possiblepreoperativedescriptors
that could predictthe symptomaticoutcome.

Therewerea further 16 questionson dyspepticsymptoms;
acompositescorebasednyes(= 1) or no(=0) answergo the
16 questionamadeup a rankingscalefrom 0 to 16—thatis,
the dyspepsiascore.Zero representecho dyspepsiaand 16
representedmaximal dyspepsia.The scale has not been
validated.

The patientswere askedwhetherthey were botheredby
dysphagia, globus, acid regurgitation, heartburn, nausea,
vomiting, flatulence, eructation, borborygmus, diarrhoea,
constipationjntermittentconstipatioranddiarrhoeaabdom-
inal distension,rapid satiety, incomplete defecation, and
anorexialn thenextsectionpatientsnvereaskedvhethertheir
dyspepsiaoincidedwith their pain, whethertheir symptoms
were felt as attacksor constant,the duration of symptoms
(monthsor years) andthe numberof attacks(attacks/month).
Thefinal sectionaimedto measurgsychologicvulnerability
andconsistedf 22 questionson psychosomatiandneurotic
symptoms,with yes/nocategoryanswers.Psychologicvul-
nerability was scoredby countingthe numberof affirmative
answergo 12 selectedtemsmergedwith 10indifferentitems
(21). The 22 questionsare shownin Fig. 1.

Postoperativequestionnaire

Oneyear after the operationa self-administeredjuestion-
naire was completedby the patients.The questionnairehad
the sameVAS for pain and questionson dyspepsiaas the
preoperativequestionnaire.

Definition of symptomatimutcomecriteria

On the basisof the results1 year after the operationthe
patients were categorized both in accordancewith the
presencef postoperativepain (4/—pain) andin accordance
with the presenceof postoperativeabdominal symptoms
(includingpain) (4 —symptoms)Thepresencer absencef
painwasdeterminedrom the pain VAS, andthe presencef
otherabdominalsymptomsfrom the questionson dyspepsia.
In the postoperativequestionnairethe patientswere asked
whethertheir symptomshaddisappearedpartly diappeared,
unchangedor worse.If their symptomshaddisappearednd
the VAS =0, they were classifiedas havingno pain. If their
symptomshad partly disappearedor were unchangedor
worse theywereaskedo answethequestionaboutpainand
otherabdominalsymptomslf they answeredhat they were
without pain and the VAS =0 but that they had other
abdominakymptomsthesepatientswereclassifiedashaving
no painbutstill havingsymptomsAll patientswith VAS >0
wereclassifiedashavingpain.

Gallbladder sonography
The gallbladdervolume was determinedby sonography
(SiemensSonoline SL-2, Erlangen,Germany,with a 3.5-
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MHz mechanicalsectorscanner)with a modified Simpson
method(22). The numberof stoneswasnoted.

Cholescintigraphy

After an overnightfast the patientwas positionedsupine
under a gamma camera (Orbiter 2LC 7500, Siemens,
Erlangen,Germany)with a 140-keVlow-energyall-purpose
parallel-holecollimator. The detectorwas placedanteriorly
overtheright hypochondriunto achievevisualizationof the
liver, gallbladder,bile duct, and uppersmall intestines.The
camerawas connectedo a computer(Microdata, Siemens)
that enabledsimultaneousacquisition of data. Count rates
wererecordeccontinuouslyat oneframepermin (cpm).Data
acquisitionwasstartedat time zeroduringadministratiorof a
bolusinjection of 100 MBq ®*™Tc EHIDA (sodiumN-[N-1-
(2,6-diethylphenyl)carbamoylmethyljimodiacetate; Amer-
sham,UK). Recordingsvere madecontinuouslyfor 60 min.
At time 60min cholecystokininoctapeptidg CCK-8) (Kine-
vac, Squibb,N.J., USA), 0.3ng/min Xkg, was infused for
60min by infusion pump (Ole Dich, Instrument Maker,
Hvidovre, Denmark).Recordingsand CCK-8 infusion was
terminatedat 120min. When the data had beencollected,
images were replayed from the computer,and the time-
activity curves for the gallbladder region, corrected for
backgroundandradioactivedecay,were generated23).

Themaximumgallbladderjectionfractionfrom time 60to
time 120min wascalculatedas

(1) GB EFmax%:Cpmnax 60 £10 min
—CPMhin 120410 min * 1007
CPMyax 60 410 min

The 100-MBgtechnetium-99nEHIDA dosehasan effective
doseequivalentof 0.024mSv/MBq, which givesan effective
doseequivalentof 2.4 mSv.

Statisticalanalysis

Eachof the descriptivevariableswas comparedbetween
the groupswith different postoperativeoutcomeby usingthe
Mann-Whitneyrank sumtest (quantitativevariables)or the
Fisher exact probability test or chi-squaretest (qualitative
variables).Variables showing some association(P <0.10)
with developmentof postoperativesymptomsor pain were
consideredor inclusionin the logistic regressioranalysisjn
which variableswere combinedin a modelto predict, from
the includedpreoperativevariables the 1-yearpostoperative
statuswith regardto symptomsor pain. The final modelwas
obtainedby using the backwardelimination techniqueuntil
all includedvariableswere significant(P <0.05). In all the
regressionanalysesand analysesbased on the derived
regressioimodels missingvalueswerereplacedy thegrand
meanvalue of the variablein question.

The numberof missingvaluescan be extractedfrom the
informationpresentedn Tablel andTablell, which showthe
numberof patientsn whomeachvariablewasavailable.The
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Tablel. Distribution of 1-yearpostoperativeoutcomein accordancevith preoperativecholescintigraphyandsonography

1-yearpostoperativelyspepsiancluding pain

1-yearpostoperativepain

Present n

Absent n P

Present n Absent n P

CholescintigraphyGB motility

Maximum ejectionfraction (%)* 70(10-99) 12 64(6-97) 25 0.68 70(17-99) 9 59(6-97) 28 0.47
Non-visible GB (n) 10 (43%) 23 21 (45%) 47 1.00 6 (38%) 16  25(46%) 54 0.58
Sonography
GB volume (ml)* 21(6-70) 24 23(2-140) 42 0.83 20(8-70) 16 23(2-140) 50 0.84
More thanfour gallstoneqn) 12 (50%) 24 20 (46%) 44 0.80 8 (47%) 17 24 (47%) 51 1.00
GB = gallbladder.
* Medianandrange.
Tablell. Distribution of 1-yea postoperativeoutcomeaccordingto preoperativeclinical variables
1-yearpostoperativelyspepsiancluding pain 1-yearpostoperativgpain
Present n Absent n P Present n Absent n P
Preoperativevariades (medianandrange)
Painintensity, VAS 0-100 87(3-99) 27 86(38-98) 45 0.83 86(3-98) 18 88(35-99) 54 0.67
Dyspepsiascore0-16 6(2-12) 24 4(0-10) 45 0.0002 6(2-12) 18 4(0-11) 51 0.004
Psychicvulnerability, score0-12 3 (0-10) 26 2(0-8) 45 0.03 3(1-10) 18 2(0-8) 53 0.011
Durationof symptomsyears 3(0.2-23) 29 1(0.08-24) 48 0.1 3(0.3-23) 20 1(0.08-24) 57 0.06
Durationof attacksh* 24(0-192) 23 4(0-122) 44 0.07 4(0-192) 14 5(0-122) 53 0.86
No. of attacks/montht 6(0-20) 20 2(0-48) 45 0.12 8(0-20) 13 2(0-48) 52 0.03
Preoperativevarialdes (n)
Acid regurgitation 16 (57%) 28 15(31%) 48 0.03 13 (65%) 20 18(32%) 56 0.02
Heartburn 12 (41%) 29 11(23%) 48 0.12 10 (50%) 20 13(23%) 57 0.04
Constipation 11 (39%) 28 8(17%) 46 0.05 9 (47%) 19 10(18%) 55 0.02
Early satiety 15 (54%) 28 8(19%) 48 0.002 9 (45%) 20 15(27%) 56 0.17
Trouble passingall stool 12 (41%) 29  9(18%) 49 0.04 8 (40%) 20 13(22%) 58 0.15
Repelledby food 11 (38%) 29 5(10%) 48 0.007 7 (35%) 20 9(16%) 57 0.11
Symptomscoincidewith pain 17 (61%) 28 41(89%) 46 0.007 10 (53%) 19 48(87%) 55 0.003
Constantsymptoms 7 (24%) 29  3(6%) 48 0.04 7 (35%) 20 3 (5%) 57 0.002
Eatinghabitschanged 20 (84%) 25 26(55%) 47 0.04 14 (88%) 16 32(57%) 56 0.04
Symptomsfirst asattacks, 9 (47%) 19 4 (14%) 28 0.02 8 (57%) 14  5(15%) 33 0.01
now constant
All activity stopsdueto 24 (96%) 25 34(76%) 45 0.05 18 (100%) 18 40(77%) 52 0.03
symptoms
Problemsat homesince 5 (18%) 28 2 (4%) 48 0.09 5 (26%) 19 2 (4%) 57 0.009
symptomsstarted
Lack of appetite 9 (44%) 27 8(17%) 48 0.01 10 (53%) 19 10(18%) 56 0.006
Strongheadache 17 (59%) 29 12(25%) 49 0.003 12 (60%) 20 17(29%) 58 0.02
Sleeplessness 11 (39%) 28 13(27%) 49 0.31 11 (55%) 20 13(23%) 57 0.01
Often painsdifferent places 20 (69%) 29 20(42%) 48 0.03 14 (70%) 20 26 (46%) 57 0.07
Keepto yourself 8 (31%) 26 4(9%) 45 0.02 8 (44%) 18 4 (8%) 53 0.001

* Only the 67 patientswho hadsymptomsin attackswereanalysed.
T The sameasabove,but two patientsdid not completethe question.

numberof missingvaluesreplacedby the grandmeanin the
logistic regressionanalysedss presenteddirectly below the
resultspresentedn Tablelll andTablelV.

The logistic regressiormodelwasasfollows:

(2) Y =bg +b; Xz3 +....... —+b, Xz, (equationl)

whereY is the logit—thatis, Y =log. (P/(1 —P))—P being
the probability of pain with regardto symptomsl yearafter
the operation(that is, P =e"/(1 +e")) (equation2), by is a
constantz,—z, arethe scoringsof the P variables,andb,—-h,
are the regressiorcoefficientscorrespondingo eachof the
variables z;—z,. From the logistic regressionmodel the
probability (P) of symptomswith regardto pain 1 yearafter

the operationfor a given patient can be estimatedfrom
equation? by insertingY from equationl, usingthe obtained
regressiorcoefficientsin the modelandthe variablescorings
of the patient. The predicted odds ratio for the presence/
absencef painwith regardto symptomss givenby theratio
P/(1 —P).

Results

Patients

Onehundredpatientsenteredthe study.All completedhe
preoperativequestionnaire,and cholecystectomywas per-
formedin all. Twenty patientsdroppedout. The 20 dropouts
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Tablelll. Logistic regressiormodelto predictpain 1 yearafter cholecystectomy

Standard
Variable Scoring Coefficient error P value
Painagonizing Yes,1; No, 0 —3.629 1.207 0.0036
Introvertedpersonality* Yes,1; No, 0 3.824 1.409 0.0083
Symptomscoincidingwith pain Yes,1; No, 0 —2.546 0.980 0.01
Painrasping Yes,1; No, 0 3.803 1.602 0.02
Dyspepsiascore 0-12 0.304 0.143 0.04
Constant —0.464 0.977 0.64

Model 2 =46.59;d.f.=5; P <0.000001.
* Introvertedpersonalitycoversthethe questiontDo you preferto ke
neuroticsymptoms.

epto yourself?'from the 22 questionsoncerningosychosomatiand

TablelV. Logistic regressiormodelto predictdyspepticsymptomsl yearafter cholecystectomy

Standard
Variable Scoring Coefficient error P value
Symptomscoincidingwith pain Yes,1; No, 0 —2.667 0.794 0.0012
Strongheadaches Yes,1; No, 0 1.559 0.651 0.0019
Dyspepsiascore 0-12 0.310 0.151 0.043
Repelledby food Yes,1; No, 0 1.614 0.811 0.05
Constant —0.919 0.805 0.26

Model 2=35.66;d.f. = 4; P <0.000001.

consistedof 12 who had still not replied after 3 reminding
letterswith the postoperativeguestionnaireand 8 who chose
to leave the study for different reasons.Eighty patients
completedboth the preoperativequestionnaireand the post-
operativequestionnaird yearaftersurgery TheseB0 patients
wereincludedin the study.Therewere71 womenand9 men.
Themedianagewas44 years,andtherange20—-77years.No

significantdifferenceswverefound betweerthesepatientsand
the 20 dropoutswith regardto ageandsexdistribution.

Operation

Laparoscopic cholecystectomywas performed in 68
patients, and mini-cholecystectomyin 5. In seven the
procedurewas convertedto openconventionalcholecystec-
tomy.

Symptomatioutcomel year after cholecystectomy

Of the 80 patients30 (38%) hadsymptomsl yearafterthe
operation,whereass0 had no symptomsin accordanceavith
the definitions given above. Twenty-one(26%) had pain 1
yearafterthe operation whereas9 hadno pain.

In 50 (62%) patients all symptoms had completely
disappearedyherea®8 (35%)answeredhattheir symptoms
hadpartly disappearedn onethesymptomsvereunchanged,
andin onetheywereworse

Preoperativegallbladder motility and sonography.

As canbeseenin Tablel, the gallbladde{GB) motility as
determined by cholescintigraphydid not differ between
postoperativesymptomaticand asymptomaticpatients.Nor
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did the preoperativesonographicdata with regardto GB
volume and stone number show any differencesbetween
patientswith andwithout painanddyspepsigostoperatively
(Tablel).

PreoperativeMcGill Pain Questionnairen relation to
operativeoutcome

For the single pain-describingvords‘splitting’ (P =0.02),
‘rasping’ (P =0.03),and ‘agonizing’ (P =0.00049)a highly
significantdifferencewas seenbetweenthe groupswith and
without pain after the operation.

Preoperativequestionnairevariablesoutcomepredictors

The postoperativeoutcomein accordancewith preopera-
tive clinical variablesis shownin Tablell. The preoperative
painintensityasmeasuredavith the VAS scorewassimilarin
thosewith and without postoperativesymptoms.The pre-
operativedyspepsiacorewassignificantlyhigherin patients
with postoperativesymptoms(P =0.0002 in patientswith
dyspepsiancluding pain; P = 0.004for painalone).Psycho-
logic vulnerability wasalsomore prominentin patientswith
postoperativessymptomg(P = 0.03in patientswith dyspepsia
including pain; P = 0.011for painalone).

With regardto gallstone history patientswith a longer
history tended to do worse after operation. Those with
dyspepsiaincluding pain had longer attackspreoperatively
(P=0.07), and those with pain alone postoperativelyhad
moreattackspermonth(P = 0.03)thanthosewhowerecured.

As can be seenin Table ll, severalpreoperativeclinical
valuesdiffered significantly betweenthosewho were cured



TableV. Pocketchartfor preoperativepredictionof painl yearafter
cholecystectomy
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Table VI. Pocketchart for preoperativeprediction of dyspeptic
symptomsl yearafter cholecystectomy

Variable Pointsto be added
Painagonizing
Yes —36
No 0
Introvertedpersonality
Yes 38
No 0
Symptomscoincidingwith pain
Yes —25
No 0
Painrasping
Yes 38
No 0
Dyspepsiascore
0 0
1 3
2 6
3 9
4 12
5 15
6 18
7 21
8 24
9 27
10 30
11 33
12 36
Constant )
Sum=
Y =Sum/10=

Note only onenumbershouldbe usedfor eachvariable.

andthosewhowerenot. Significantdifferencesverefoundin
thefollowing categoriesdyspepsidacidregurgitation heart-
burn,constipationgearly satiety trouble passingstools),other
gastrointestinalsymptoms,behaviouralaspects,and symp-
tomsrelatedto psychologicvulnerability.

Logistic regressionanalysis

The final logistic regressionmodels for preoperative
prediction of pain and dyspeptic symptoms1 year after
cholecystectomyare shown in Table 1l and Table IV,
respectively.The fact that somepatientshad improved but
still hadpainor dyspepsiavasnottakeninto consideratiorin
the analysis.

In Tablelll it appearshatintrovertedpersonality,rasping
pain’, and a high dyspepsiascore were independently
associatedvith the presenceof pain 1 year postoperatively
(positive coefficients), whereasagonizing pain and other
symptomscoinciding with pain were associatedvith no 1-
yearpostoperativepain (negativecoefficients).

Table IV showsthat strong headachesa high dyspepsia
score,and being repelledby food were associatedvith the
presenceof 1-yearpostoperativesymptoms(positive coeffi-
cients), whereas symptoms coinciding with pain were
associatedwith a symptom-freel-year outcome (negative
coefficient). Thesetwo modelscan be expressedis simple
pocketcharts(TableV andTableVI) from which anestimate

Variable Pointsto be added
Symptomscoincidingwith pain
Yes —27
No 0
Strongheadaches
Yes 16
No 0
Dyspepsisscore
0 0
1 3
2 6
3 9
4 12
5 16
6 19
7 22
8 25
9 28
10 31
11 34
12 37
Repelledby food
Yes 16
No 0
Constant -9
Sum=
Y = Sum/10=

Note only onenumbershouldbe usedfor eachvariable.

of Y to one decimal can easily be obtained from the
preoperativevariablesof any given patient by the simple
additionof numbersUsingTableVIl, theobtainedvalueof Y
can be transformed to the probability (likelihood) of
experiencingpainor symptomsl yearaftercholecystectomy.

Example 1: estimationof the likelihood of 1-year post-
operative pain in a patient with: agonizing pain, no
introverted personality,no symptomscoinciding with pain,
no raspingpain,anda dyspepsiacoreof 4. WhenTableV is
used, Y becomes (—36-+0-+0-40-+12—5)/10=—2.9.
This corresponddo a 1-year postoperativepain likelihood
of 5% (Table VII). Thus this patientwould be expectedto
benefitfrom cholecystectomy.

Example 2: estimationof the likelihood of 1-year post-
operative pain in a patient with no agonizing pain, an
introverted personality,symptomscoinciding with pain, no
raspingpain, and a dyspepsiascoreof 6. When TableV is
used,Y becomeg0 +-38 —25-0+18 —5)/10=2.6. This
correspond#o a 1-yearpostoperativgainlikelihood of about
93% (TableVIl). Thusthis patientwould not be expectedo
benefitfrom cholecystectomy.

In the samemannerthe likelihood of 1-yearpostoperative
symptomscanbe estimatedby using TablesVI andVIL.

Distribution of estimatedprobabilities (likelihoods)of pain
and symptomsl year postoperatively

For the patients who actually had pain 1 year post-
operativelythe medianestimatedl-yearpostoperativdike-

ScandJ Gastroenteroll999(11)
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Table VII. CorrespondencebetweenY (the logit) and P (the
probability or more preciselythe likelihood)

Y P
—6.0 0.00
—5.0 0.01
4.0 0.02 Favourableoutcomeof cholecystectomy
—3.0 0.05 likely
—2.2 0.10
—1.7 0.15
—1.4 0.20
—1.1 0.25
—0.8 0.30
—0.6 0.35
—0.4 0.40
—0.2 0.45
0.0 0.50 —
0.2 0.55
0.4 0.60
0.6 0.65
0.8 0.70
11 0.75
1.4 0.80
1.7 0.85
2.2 0.90
3.0 0.95
4.0 0.98 Unfavourableoutcomeof cholecystec-
5.0 0.99 tomy likely
6.0 1.00

lihood of painwas0.81 (range,0.13-1.00) For the patients
who did not have pain 1 year postoperativelythe median
estimatedl-year postoperativdikelihood of pain was 0.05
(range, 0.00-0.90). Thus there was some overlap of the
likelihoods betweenthosewith postoperativepain andthose
without. Consideringa likelihood of 0.5 asthe cut-off point
betweenpredictionof pain (>0.5) andno pain (<0.5), 71 of
the 80 patients(88.7%)werecorrectlyclassified(15 of the 21
with pain and 56 of the 59 without pain) (sensitivity, 0.71;
specificity,0.95;PVpos=0.83;PVneg= 0.90; kappa= 0.88).
For the patientswho actually had symptoms1 year post-
operativelythe medianestimatedl-year postoperativdike-
lihood of symptomswas 0.68 (range, 0.10-0.99).For the
patientswho did not havesymptomsl year postoperatively
the median estimated 1-year postoperativelikelihood of
symptomswas 0.17 (range, 0.03-0.76). Thus there was
more overlap of the likelihoods betweenthose with post-
operativesymptomsand those without than for thosewith
postoperativepain. When a likelihood of 0.5 is usedasthe
cut-off point betweerthe predictionof symptomy>0.5) and
no symptoms(<0.5), 63 of the 80 patients(78.7%) were
correctlyclassified18 of the 30 with symptomsand45 of the
50 without symptoms)(sensitivity, 0.60; specificity, 0.90;
PVpos=0.78;PVneg=0.79; kappa= 0.78).

Discussion

The introduction of the laparoscopiacholecystectomytech-
nigue hasled to a reductionin hospitalstay, morbidity, and

ScandJ Gastroenterol999(11)

convalescencaBecausef the easines®sf this procedurat is
conceivablethat the indications for surgical treatmentfor
gallbladderstonediseasewill be widened,with a subsequent
increasedrate of cholecystectomy(24). A questionnaire
showedthat 17 of 19 specialistsin gastroentrologyhave
widened their indications for cholecystectomysince the
introductionof laparoscopicholecystectomy25).

Becauseholecystectomynay notincreasdife expectancy
(26), andat leasta subgroupof patientsmay not be curedby
the operation,andbecausef a smallrisk of severebile duct
injury, the indicationsfor cholecystectomyshould be strict
andwell defined.In addition,furtherinformationaboutwhich
patientsmay not be expectedo improve after the operation
shouldbe obtainedand evaluated.

Previousstudieshavesuggestedhat the type of operation
(openversusmini versudaparoscopicholecystectomyinay
not explainnegativeoutcomeq?2, 3, 27). Therole of thetype
of cholecystectomin late symptomaticmutcomes debatable,
and the small number of our patients undergoing open
cholecystectomyprecludedurtheranalysis Also, thereseems
to be no differencesin outcomewhetherthe operationwas
performedfor well-definedacute cholecystitisor electively
for ‘symptomatic’ gallstoneq4). In contrastpsychicvulner-
ability (3,17) anddyspepticsymptomsmay be predictorsof
pooreroutcome(9). A painhistory of long durationmay also
berelatedto postoperativalissatisfactior(8).

Our resultsconfirmthe negativeinfluenceon outcomeof a
long duration of pain, occurrenceof dyspepsiaas a main
complaint,andpsychicvulnerability.

The preoperativepain intensity (preoperativeVAS) was
nearly identical in the different postoperativegroups of
patients. The best explanationis that pain was the main
indication for cholecystectomylt showsthat patientswith
little pain were not cholecystectomized A VAS only
measureone dimension;that was the reasonfor including
the MPQ. By meansof the MPQ three important pain
descriptors—splittingrasping,and agonizing—weredenti-
fied. Thesewere shown to have predictive value for the
postoperativeoutcome.

The compositescore basedon the 16 dyspepsiajuestions,
provideduseful predictiveinformation.

Wewerenotableto showanyindependenpredictivevalue
of preoperativegallbladderemptying.Gallbladderemptying
hasbeenrelatedto gallstoneformation (28), but it hasnot
previously been investigatedas a potential predictor of
positive or negative outcome after cholecystectomy.Two
studies claim that cholecystectomyalleviates acalculous
biliary painin patientswith a reducedgallbladderejection
fraction (29,30). Almost half of the patients(44%) in this
study had a non-visible gallbladder on cholescintigraphy.
Thisfinding hadno predictivevalue.Whetherthe cysticduct
was closed or the function of the sphinter of Oddi was
disturbedcan be speculatedn; noneof the patientsin this
studyhadacutecholecystitiswhenthe cholescintigraphyvas
performed,andthereis evidencethatthe cystic ductreopens



afterpercutaneougallbladderdrainagen patientswith acute
cholecystitis(31). Accordingly,themostlikely explanatioris
a disturbedfunction of the sphinterof Oddi, in accordance
with studiesshowingincreasedile reflux in somepersons
with gallstoneq32,33).

Increasedgallbladder pressureis the main theory with
regardto biliary pain, and in acutecholecystitisthereis a
correlationbetweenvolume and pressurg31). In this study
gallbladdervolume hadno predictivevalue.

In one study abdominalsymptomsdiffered in accordance
with the numberof gallbladderstones(34). This association
wasnotfoundin this study.Becausef thelimited numberof
patientsin our study the risk that some real differences
betweenthe defined groups may have beenoverlooked(a
type-2errorrisk) is not negligible.Our resultsthereforeneed
to be substantiatedh independenpatients.

We have confirmed an association between psychic
vulnerability and postcholecystectomgutcome(6, 14). The
explanationfor this is unknown, but somesort of visceral
hyperalgesiaasin theirritable bowelsyndromg35), may be
responsibleandshouldbe further explored.

Our study also confirms previous studies showing an
overall high (90%) satisfactionrate after cholecystectomy
but arelatively high occurrenceof pain (30%) anddyspepsia
(9). This may be partly explainedby the dropouts,which
probablymainly include thosecompletelycured.

Theaim of the presentsstudywasalsoto developa logistic
regressionmodel for prediction of postoperativepain and
dyspepsiaOn the basisof the presentdata the developed
predictionmodelhada high PVposof 0.83andhigh PVnegof
0.90. Overall, 89% of the patients could be classified
correctly. However,it mustbe emphasizedhat the analysis
focusedon outcomein termsof painand/ordyspepsiandnot
on the patient’s statementwith regard to being cured,
improved,unchangedor worse.

In the regressiormodel we usedthe grand meanof the
variablein questionto replacemissingvalues.The justifica-
tion is that the grandmeanis a neutralvalue that doesnot
provide any artificial discriminativeinformation—andthere-
fore no bias—in the analysisbut enablesas many data as
possibleto be includedin the analysis.

The numberof variablestestedstatistically for potential
inclusionin the logistic regressioranalysesvas only about
10% of thetotal numberof patients.The numberof variables
in thefinal logistic regressionmodelswasonly 6% (Tablelll)
and 5% (Table IV). This is accordancewith the commonly
acceptedulesfor inclusionof variablesn regressionrmodels.
Neverthelesssince any regressionmodel will always be
particularly well adaptedto the patient data used for its
development,the results of this study—in particular, the
predictive value of the logistic regressionmodels—need
substantiatiorby confirmationin independenpatients.

The indicationsfor cholecystectomyare not well defined.
Thus, in a consensupanel approachwith two panels,one
consistingentirely of surgeongndoneconsistingof a mix of
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relevantspecialiststhe panelswere askedto rate a seriesof
possibleindicationsfor cholecystectomytor from one-third
to half of all indicationsthe panelswere unableto reach
agreement(36). In an audit of 252 cholecystectomized
patientsthe appropriatenessf cholecystectomywas rated.
In 44% of the patientsthe surgical panel did not reach
agreementMost of the patientswho would havebeenrated
inappropriatelyhad vague symptomsonly (37). However,
both the consensugpanel approachand the audit approach
were retrospectiven nature.ln contrast,the logistic regres-
sion modelin our studyis basedon prospectivelycollected
information.

The generalapplicability of the logistic regressiormodel
dependson its confirmationin future studies.When such
confirmationhastakenplace,the modelwill be animportant
additionaltool in determiningthe besttreatmentstrategyin
patientswith symptomaticgallstones.

Acknowledgements

Grantsupportwasprovidedby The DanishMedicalResearch
Council. Karina E. BergandJetteE. Mathisenare gratefully
acknowledgedor their expertsecretariabssistance

References

1. Black NA, ThompsonE, SandersorCFB, the ECHSSgroup:
Symptomsand health statusbefore and six weeksafter open
cholecystectomy:a European cohort study. Gut 1994;35:
1301-5.

2. Velpen GCV, Shimi SM, CushieriA. Outcomeatfter cholecys-
tectomy for symptomatic gall stone diseaseand effect of
surgical access:laparoscopicv open approach.Gut 1993;34:
1448-51.

3. McMahon AJ, RossS, Baxter JN, RussellIT, AnderssonJR,
Morron CG, et al. Symptomatic outcome one year after
laparoscopicand mini-laparotomy cholecystectomy:a rando-
misedtrial. Br J Surg1995;82:1378-92.

4. Middelfart HV, KristensenJU, LaursenCN, Qvist N, Hgjgaard
L, FunchJenserP, et al. Painand dyspepsiaafter electiveand
acutecholecystectomyScandJ Gastroenteroll998;33:10-4.

5. Fenster LF, Lonborg R, Thirlby RC, Traverso LW. What
symptomsdoes cholecystectomycure? Insights from an out-
comesmeasurementprojectandreview of the literature.Am J
Surg1995;169:533-8.

6. Muhe E. Long-term follow-up after laparoscopiccholecystec-
tomy. Endoscopyl1992;24:754-8.

7. Stiff G, RhodeaM, Kelly A, Telford K, ArmstrongCP,ReesBI.
Long-term pain: less common after laparoscopicthan open
cholecystectomyBr J Surgery1994;81:1368-70.

8. Bates T, Ebbs SR, Harrison M, A’Hern RP. Influence of
cholecystectomyn symptoms.Br J Surgery1991;78:964—7.

9. RosE, ZambonD. Postcholecystomy symptomsA prospec-

tive study of gallstone patients before and two years after

surgery.Gut 1987;28:1500-4.

Hofmann AF. Pathogenesiof cholesterolgallstones.J Clin

Gastroenteroll988;10Suppl2:S1-11.

11. Pomeran4$S, ShafferEA. Abnormalgallbladderemptyingin a
subgroupof patientswith gallstones Gastroentrologyl985;88:
787-91.

12. Carey MC, CahalamJM. Whither biliary sludge?Gastroenter-
ology 1988;95:508-23.

13. BravermannDZ, JohnsorML, Kern F Jr. Effectsof pregnancy

10.

ScandJ Gastroenteroll999(11)



1152

14.

15.
16.
17.

18.
19.
20.
21.

22.

23.

24.

25.
26.
27.

The MULGO Group

and contraceptivesteroidson gallbladderfunction. N Engl J
Med 1980;302:362—-4.

Stone BG, Ansel HJ, PetersonFJ, GebhardRL. Gallbladder
emptyingstimuli in obeseandnormal-weightsubjects Hepatol-
ogy 1992;15:785-98.

EversonGT. Gallbladderfunction in gallstonediseaseGastro-
enterolClin North Am 1991;20:85-110.

Jorgense. GallstonesAn epidemiologicalinvestigation.Dan
Med Bull 1990;37:336-46.

JorgensenT, Teglbjerg JS, Wille-Jgrgensen P, Bille T,
Thorvaldsen P. Persisting pain after cholecystectomy. A
prospectivanvestigation.Scandl) Gastroenterol991;26:124-8.
JagrgensenT. Abdominal symptomsand gallstonedisease:an
epidemiologicalinvestigation.Hepatology1989;9:856-60.
Diehl AK. Symptomsof gallstonedisease Clin Gastroenterol
1992;6:635-57.

MelzackR. TheMcGill painquestionnairemajorpropertiesand
scoringmethods Pain1975;1:277-99.

ThorvaldsenP, SgrenserEB. Psychologicalvulnerability as a
predictorfor short-termoutcomein lumbar spinesurgery.Acta
Neurochir(Wien) 1990;102:58-61.

AnderseriB, MonradH, GrgnvallS, HgjgaardL. In vitro andin
vivo accuracyof sonographicgallbladdervolume determina-
tions. J Clin Ultrasound1993;21:157-62.

Toftdahl D, HgjgaardL, Winkler K. Dynamic cholescintigra-
phy: Induction and descriptionof gallbladderemptying.J Nucl
Med 1996;37:261-6.

Lam CM, Murray FE, CuschieriA. Increasedcholecystectomy
rate after the introduction of laparoscopiccholecystectomyin
Scotland.Gut 1996;38:282—4.

OrlandoR, RussellJC. Managinggallbladderdiseasen a cost-
effective manner.Surg Clin North Am 1996;76:117-28.
RansohoffDF, GracieWA. Treatmenif gallstonesAnn Intern
Med 1993;119:606-19.

Wilson RG, MacentyrelM. Symptomaticoutcomeafter lapar-
oscopiccholecystectomyBr J Surg1993;80:439-41.

Receivedl5 March 1999
Accepted12 July 1999

ScandJ Gastroenterol999(11)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

PauletzkiJ, AlthouseR, Holl J, SackmanrM, Paumgartne(G.
Gallbladder emptying and gallstone formation: a prospective
study on gallstonerecurrenceGastroenterology996;111:765—
71.

KhoslaR, Singh A, MiedemaBW, Marshall JB. Cholecystec-
tomy alleviatesacalculousiliary painin patientswith areduced
gallbladderejectionfraction. SouthMed J 1997;90:1087-90.
Yap L, Wycherley AG, Morphett AD, Toouli J. Acalculous
biliary pain: cholecystectomyalleviatessymptomsin patients
with abnormal cholescintigraphy Gastroenterology1991;101:
786-93.

Borly L, StageJG,GronvallS,HojgaardL. Cholescintigraphyn
patientswith acutecholecystitisbefore and after percutaneous
gallbladder drainage. Eur J GastroenterolHepatol 1995;7:
1093-7.

Cabrol J, Navarro X, Simo-DeuJ, SeguraR. Evaluation of
duodenogastricreflux in gallstone diseasebefore and after
simple cholecystectomyAm J Surg1990;160:283-6.
Lujan-Mompean JA, Robles-CamposR, Parrilla-Paricio P,
Liron-Ruiz R, Torralba-MartinezJA, Cifuentes-Tebad. Duo-
denogastricreflux in patientswith biliary lithiasis before and
after cholecystectomySurg GynecolObstet1993;176:116-8.
JuvonenT, NiemelaO, Makela J, KairaluomaMI. Character-
istics of symptomaticgallbladderdiseasen patientswith either
solitary or multiple cholesterolgallstonesHepatogastroenterol-
ogy 1994,41:263-6.

AccarinoAM, Azpiroz F, Malageladal-R.Selectivedysfunction
of mechanosensitiveintestinal afferents in irritable bowel
syndrome Gastroenterology995;108:636—-43.

ScottEA, Black N. Appropriatenes®f cholecystectomyn the
United Kingdom—a consensuganel approach.Gut 1991;32:
1066-7043.

Scott EA, Black N. Appropriatenesof cholecystectomythe
public and private sectorscompared.Ann R Coll Surg Engl
1992;74(4Suppl):97-101.



